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SUMMARY Mucosal-submucosal blood flow in the human colostomy was measuredbyaradioisotopic washout technique. Changes in blood flow were recorded in 10 subjects after peripheral vasoconstriction evoked by surface cooling of the body. Accompanying the vasoconstriction was a rise in mucosal-submucosal blood flow of approximately 40 %. An interpretation of the blood flow changes and the associated alterations in mean arterial blood pressure provide evidence for vasomotor and local regulatory control in the colostomy microcirculation. We believe, therefore, that the colostomy is a suitable preparation for studying the human colonic microcirculation.
Measurement of temperature change in the human colostomy during physiological and pharmacological stimulation was considered by Grayson' 2 to be an index of local colonic blood flow. In particular, Grayson2 demonstrated that a peripheral vasoconstriction evoked by surface cooling of the body produced an increased temperature in the bowel. He attributed this to a rise in colonic blood flow caused by alterations in blood pressure. Subsequently, Grayson3 showed that the relationship between tissue temperature and perfusion was not linear and hence his method could not provide a quantitative estimation of blood flow. For Received for publication 30 December 1980 control the colonic mucosal-submucosal microcirculation in man.
Methods
The technique of blood flow measurement and its theoretical basis have recently been described in detail.5 Briefly, 20/4 (3-5 ,uCi) of a stable preparation of 1251-labelled-4-iodoantipyrine6 were injected into the submucosa of the colostomy, and the gamma-emission recorder by a collimated scintillation counter, coupled to a rate-meter and logarithmic recorder. 
Results
Values for M-SBF and mean arterial blood pressure before, during and after cooling, are listed in the Table, and shown graphically in Fig. 1 . During the initial stabilisation period and throughout the resting blood flow recording, skin temperature, measured on the left index finger, remained constant (within ± 0 1°C) in all subjects. A fall in skin temperature was observed in every subject (AT =2.8+ ±14C, SD) on exposure to room temperature and on cooling of the right forearm (Fig. 1) . Core temperature remained constant throughout the cooling period. Evidence that the fall in skin temperature was due solely to a peripheral vasoconstriction is emphasised by plethysmographic recordings in two subjects, where there was a substantial decrease in skin blood flow (Fig. 2) .
Peripheral vasoconstriction led to an immediate rise in mean arterial blood pressure and a significant rise in M-SBF of approximately 40%. In two subjects, the pressure increase was only transient, returning to the initial level before the blood flow recording started. In four subjects the initial increased pressure declined throughout the blood flow recording period, although the raised blood flow remained constant (Fig. 3) . In one subject, blood pressure and blood flow recovered simultaneously. The remaining three subjects had a raised arterial pressure, which was sustained throughout the cooling period.
The calculated PRU100 fell in every subject as a result of cooling.
On rewarming, skin temperature and skin blood flow gradually returned to precooling values. In general, mean arterial blood pressure decreased but in eight subjects recovery of pressure was only partial. Conversely, in six subjects M-SBF recovered to values below the initial precooling level.
The calculated PRU100 increased in nine subjects. reaching a higher value than the resting level in five of these individuals.
Discussion
The present study is one of the first to investigate colonic M-SBF in conscious man. The method used has previously been shown to provide quantitative reproducible results of blood flow.5 However, the use of the colostomy as a representative segment of the normal intestinal tract may be questioned. Anatomically, it is exteriorised on to the abdominal wall, thereby exposing the mucosa to an environment which may lead to its atrophy over a period of time. Furthermore, nervous or vascular anastomoses are likely to occur between the circulations of the ageing colostomy and the skin, the effects of which could modify its physiological response. Grayson, 3 however, showed that the increase in colostomy temperature, associated with peripheral cooling, was accompanied by a slight fall in the surrounding skin temperature, suggesting that the colostomy was free from the influence of cutaneous vasomotor innervation. Nevertheless.°c it is our experience that, on rare occasions, when the indicator is injected near to the mucosalcutaneous junction of a long-standing colostomy, the subject may sense some pain. While this evidence of invasion by cutaneous sensory nerves does not necessarily imply an invasion by cutaneous vasomotor nerves, it was considered prudent to avoid such a potential complication. Thus, in each case, the isotope was deposited centrally in the colostomy as remote from the mucosal-cutaneous junction as luminal access would allow. Moreover, this central area, being constantly shielded by a layer of mucus, is less likely to undergo atrophy than the more exposed peripheral parts of the mucosa; it is also the area most distant from the possible effects of operative trauma.
The study of these subjects may also be formidable, because many Grayson' turned his attention to recording changes in colostomy temperature using fine gauge needle thermocouples. He assumed that changes in blood flow would alter the temperature of the colostomy when it was exposed to an environmental temperature different from that of blood. Subsequently, Grayson2 showed that heating and cooling the body produced opposite responses in the colostomy respectively, and suggested that these responses were fundamental to the peripheral regulation of blood pressure. In addition, he showed that these reactions were also 472 demonstrable in the intact rectum, measured by an electrically heated thermocouple.3 From these results, Grayson implied that the colostomy had a normal innervated microcirculation, as its response to cooling simulated the response in the intact rectum.
In our experiments skin vasoconstriction on cooling was accompanied by an increase in colonic mucosal-submucosal blood flow, associated in most cases, with a raised mean arterial blood pressure. The possibility of the increased blood flow being the passive consequence of an increased perfusion pressure rather than a reflex compensatory vasodilatation should be considered. However, our results show a distinct fall in the estimated regional flow resistance, which would indicate, therefore, a vasodilatation. It is also possible that these changes in resistance might be due to passive distension of the mucosalsubmucosal vessels by the increased transmural pressure. However, at 'normal' arterial blood pressures there do not appear to be any reports of pressure-induced distension of vessels, as an increased transmural pressure would automatically be counteracted by myogenic mechanisms and the regional flow resistance would remain unaltered. The observed fall in regional flow resistance is therefore a strong indication of active vasodilatation. In addition, there were other indications of active vasodilatation, the most positive being in the two subjects (4 and 9) in whom the mliiosal-submticosal blood flow was seen to increase without any rise in mean arterial blood pressure. In fact, both these subjects did have a transient increase in mean arterial pressure, but, unlike the other subjects, this returned to normal by the start of the blood flow measurement period. Furthermore, in another four subjects (1, 6, 7, and 10) . there was a partial recovery of mean arterial blood pressure despite continued skin vasoconstriction, and in these cases the raised colonic mucosalsubmucosal blood flow remained constant over the whole of the recorded period. This suggests some compensatory vasodilatation enabling the increased colonic blood flow to be maintained against a fall in perfusion pressure. Indeed, it is likely that it was this vasodilatation which contributed to the partial restoration of blood pressure. It is in these cases, where increased mucosal-submucosal 'blood flow was seen to be, to some extent, independent of blood pressure that additional supportive evidence is provided for the existence of vasomotor control of the mucosalsubmucosal microcirculation of the human colostomy.
On rewarming the subjects, there was a fall in mucosal-submucosal blood flow in most cases to values below the control levels, associated with a rise in regional flow resistance. For the reasons outlined above, this would suggest an active vasoconstriction rather than the passive consequence of a fall in pressure and reduced distension. This is particularly so in subjects 9 and 10, and, to a lesser extent, in subjects 5, 6, and 7, where the estimated regional flow resistance increased above resting levels even though the blood pressure remained slightly raised or at least had fallen no further than precooling levels. This probably represents a compensatory vasoconstriction consequent upon the preceding hyperaemia, possibly the result of a reduction in the concentration of local vasodilator metabolites. Thus, there also appears to be an effective local regulatory mechanism in the mucosal-submucosal microcirculation of the human colostomy.
Our experience, therefore, suggests that the colostomy might be profitably used for more detailed studies of physiological control and for the study of pharmacologically induced changes in the mucosal-submucosal microcirculation. 
